Needle and syringe program (NSP) coverage is commonly used to assess NSP effectiveness. However, existing measures don't capture whether persons who inject drugs (PWIDs) stockpile syringes, an important and novel aspect of NSP coverage. In this study, we determine the extent of stockpiling in a sample of Australian PWIDs and assess whether including stockpiling enhances NSP coverage measures. As part of the Illicit Drug Reporting System study, PWIDs reported syringes procured and given away, total injections in the last month, and syringes currently stockpiled in 2014. We calculated NSP coverage with and without stockpiling to determine proportional change in adequate NSP coverage. We conducted receiver operating characteristic curve analysis to determine whether inclusion of stockpiled syringes in the measure improved sensitivity in discriminating cases and noncases of risky behaviors. Three-quarters of the sample reported syringe stockpiling, and stockpiling was positively associated with nonindigenous background, stable accommodation, no prison history, longer injecting careers, and more frequent injecting. Compared with previous measures, our measure was significantly better at discriminating cases of risky behaviors. Our results could inform NSP policy to loosen restricted-exchange practice, allowing PWIDs greater flexibility in syringe procurement practices, promoting greater NSP coverage, and reducing PWIDs' engagement in risky behaviors. coverage; harm reduction; needle and syringe program; people who inject drugs; syringe stockpiling Abbreviations: NSP, needle and syringe program; PWID, person who injects drugs; ROC, receiver operating characteristic.
Persons who inject drugs (PWIDs) that share injecting equipment risk contracting blood-borne viruses such as human immunodeficiency virus and hepatitis C virus (1) . Needle and syringe programs (NSPs) supply PWIDs with clean equipment to reduce this risk (2) (3) (4) (5) (6) (7) (8) (9) (10) and are considered the key mechanism for preventing blood-borne virus transmission among PWIDs (7) . Accurately measuring NSP "coverage" (i.e., the extent to which programs provide PWIDs with enough injecting equipment to minimize blood-borne virus transmission risk) is vital for examining NSP effectiveness and reducing blood-borne virus transmission among PWIDs (11, 12) . However, there is no "gold standard" measure for NSP coverage. Several methods provide useful ways to examine NSP coverage at both population and individual levels, but they vary in accuracy, consistency, and comparability (9, 11, (13) (14) (15) (16) . Herein, "NSP coverage" refers to individual NSP coverage. Furthermore, existing measures are not comprehensive: Excluding key statistics on drug use patterns, risky behavior, and syringe procurement, distribution, and use patterns means we can't accurately gauge NSP coverage at the individual level (17) (18) (19) (20) .
Bluthenthal et al. (18) surveyed PWIDs about new syringes retained from the last NSP visit, along with total monthly NSP visits and injections in the 30 days prior. They generated a measure for NSP coverage by multiplying total new syringes retained by monthly NSP visits, dividing by total injections, and multiplying by 100. Participants who reported retaining at least as many new syringes as injections over the month (i.e., 100%) were considered to be "adequately" covered. In Australia, Bryant et al. (20) and Iversen et al. (19) also used this method to calculate NSP coverage, but they included additional sources for syringe procurement in their formula ( pharmacies, vending machines, and secondary exchange) (19, 20) . Bluthenthal et al. (18) then examined the relationship between their coverage measure and risky injecting behaviors and found that lower NSP coverage was positively associated with receptive syringe sharing (using a syringe after someone else has used it) and syringe reuse (using a syringe multiple times yourself ), concluding that PWIDs who procured fewer syringes per injection across a month were more likely to report using a syringe after they or someone else had already used it. A problem with this measure of NSP coverage is that PWIDs may not immediately use all the new needles or syringes they procure, preferring to store or "stockpile" them for future use.
Stockpiling new syringes is important for harm reduction, allowing PWIDs flexible access to clean injecting equipment when required. However, if these stockpiled (new) syringes are procured outside of the reporting period (e.g., more than a month prior to interview), they will not be captured in any calculation of NSP coverage but may still prevent blood-borne virus transmission; if stockpiling is taken into account, PWIDs might be better covered than Bluthenthal et al.'s (18) measure suggests. Therefore, it is important to understand the extent to which needle and syringe stockpiling occurs and the associations between syringe stockpiling and estimates of NSP coverage.
The main aims of our study were 1) to determine whether Australian PWIDs stockpile new syringes and, if so, 2) to document the extent of stockpiling along with key characteristics of stockpilers. We then sought 3) to ascertain whether measures for NSP coverage are more sensitive when syringe stockpiling is included in the measure. We hypothesized that Australian PWIDs would stockpile new syringes, and we expected this stockpiling to change estimates of NSP coverage, increasing the proportion of participants deemed to have adequate coverage. Furthermore, we expected that incorporation of new syringes stockpiled into a proposed measure for NSP coverage would improve sensitivity of the test, reduce the type I error, and better discriminate cases and noncases of risky injecting behavior.
METHODS

Data sources
We conducted a cross-sectional survey of PWIDs in June and July of 2014 in Australian state and territory capital cities as part of the Illicit Drug Reporting System, an annual study. The methods are outlined elsewhere (21) , but briefly, PWIDs were recruited via a mix of direct recruitment at NSP and community health centers and "snowballing" (i.e., using peers to refer potential participants to the study) (21, 22) . Study participants were required to be at least 18 years of age, had injected drugs at least once a month on average in the 6 months preceding the survey, and had resided in the capital city where they were interviewed for at least 12 months prior to the survey (21) (22) (23) our measure of stockpiling, we also asked participants, "How many [needles and] syringes do you have 'stored' away at the moment [at home, in car, etc.]?". We added these additional stockpiled syringes to the numerator for NSP coverage to generate a second comparative measure, also shown in Figure 1 . In the questionnaire, items addressing syringes "given away" and "stockpiled" are asked as follow-ups to the initial question about new syringes (i.e., "In the last month how many new [needles and] syringes in total did you get?"). Thus, that syringes given away and stockpiled are new was clearly implied. Furthermore, syringes used previously (by the interviewee or someone else) are referred to in other sections of the questionnaire and differentiated unambiguously from new syringes (i.e., "How many times in the last month have you used a needle after someone had already used it?" and "How many times in the last month has someone used a needle after you have used it?").
Exposure variables. Exposure variables of interest are presented in Table 1 and capture a range of sociodemographic and drug use characteristics of the participants. They were chosen on the basis of previous work with this population (18) (19) (20) (24) (25) (26) .
Statistical methods
Descriptive analysis revealed the mean, median, and dispersion of the exposure and key outcome variables of interest.
Syringe stockpiling. We categorized syringe stockpiling as a dichotomous variable, reflecting whether or not the participant had at least 1 syringe stockpiled at the time of interview. We used bivariate Poisson regression with robust error variance (27) to examine the associations between stockpiling and the exposure variables shown in Table 1 , and those with a Wald χ 2 P = 0.25 or less were included in the multivariate model.
NSP coverage. Two measures for NSP coverage were calculated for each participant: NSP coverage with and without syringe stockpiling included. We created dichotomous variables for both measures, reflecting whether participants had achieved at least 100% (adequate) NSP coverage (at least 1 syringe retained, for every injection) in the past month. We then analyzed the proportion of PWIDs with adequate NSP coverage before and after the inclusion of syringe stockpiling to identify change.
Risky injecting behaviors. For comparison with Bluthenthal et al.'s (18) study, we constructed logistic regression models to assess the association between NSP coverage (as a continuous variable) and 4 risky injecting behaviors: receptive syringe sharing, syringe reuse (both described previously), distributive syringe sharing (giving someone else a syringe after you have used it), and equipment sharing other than needles or syringes (either using or giving away equipment such as filters or spoons that have already been used in preparing a drug for injection, e.g., using a used syringe to add water to powdered drugs or to divide a drug solution after it has liquefied). We plotted receiver operating characteristic (ROC) curves to assess the fit of each model, with and without syringe stockpiling (28) . We then conducted a test for equality of the area under each pair of ROC curves to compare how the inclusion of syringe stockpiling affected the ability of NSP coverage to discriminate cases and noncases of each of the 4 measures of risky injecting behavior (29) .
RESULTS
We administered 898 questionnaires but excluded 163 because of missing data for key variables, leaving 735 questionnaires for analysis.
Demographic characteristics
Sample demographic characteristics are consistent with those of previous studies of Australian PWIDs (20, 25, 30, 31) (Table 1) . Most participants were Australian born, heterosexual, male, over 35 years of age, unemployed, and spoke English as their primary language.
Syringe stockpiling
Three-quarters of participants reported having at least 1 new syringe stockpiled at the time of the interview. The mean number of new syringes stockpiled by all participants was 42 (standard deviation, 96; interquartile range, 0-45) and 56 (standard deviation, 107; interquartile range, 6-51) by participants with at least 1 new syringe stockpiled. A third of all participants had 1-19 new syringes stockpiled at the time of the interview, and 43% of all participants had 20 or more new syringes stockpiled.
After adjustment for confounding, participants with injecting careers longer than 25 years were significantly more likely to have at least 1 syringe stockpiled at the time of the interview than both participants with injecting careers of 15 years or less and participants with injecting careers of 16-25 years ( Table 2 ). The latter groups did not differ. Participants who injected daily or more often in the previous month were significantly more likely to have at least 1 syringe stockpiled at the time of the interview than those who injected less than daily in the past month, as were participants not of indigenous Australian (Aboriginal and/or Torres Strait Islander) origin (relative to indigenous participants) and those who reported stable accommodation status (relative to those who reported unstable accommodation status). 
Drug use characteristics
The median age at first injection was 18, and 71% of the participants reported injecting illicit drugs for more than 15 years (Table 1) . Heroin and methamphetamine were the most common drugs reported as the drug of choice and the drug injected most frequently in the past month.
Syringe coverage
The percentage of participants with adequate NSP coverage (i.e., 100%) increased when syringe stockpiling was taken into account: 76% of participants were adequately covered before syringe stockpiling was included in the measure, and 84% after.
Association between stockpiling and risky injecting behavior
A 1% increase in NSP coverage was associated with a 0.2% reduction in the odds of reported receptive syringe sharing and a 0.1% reduction in the odds of reported distributive syringe sharing both before and after syringe stockpiling was included in the measure (Table 3 ). Prior to the inclusion of syringe stockpiling, no association was evident between NSP coverage and syringe reuse, nor between NSP coverage and equipment sharing other than needles or syringes. Although the latter remained nonsignificant after syringe stockpiling was included in NSP coverage, the association between syringe reuse and NSP coverage became significant, with a 1% increase in NSP coverage associated with a 0.03% decrease in the odds of reported syringe reuse.
Areas under each ROC curve plotting the fit of NSP coverage against receptive syringe sharing, syringe reuse, and equipment sharing other than needles or syringes were significantly greater when syringe stockpiling was included in the measure for NSP coverage than when it wasn't. Thus, NSP coverage was better at discriminating cases and noncases of receptive syringe sharing, syringe reuse, and equipment sharing other than needles or syringes when syringe stockpiling was included. In contrast, there was no difference in the area under the ROC curve plotting the fit of NSP coverage against distributive syringe sharing before and after syringe stockpiling was included; the inclusion of syringe stockpiling did not significantly change the ability of NSP coverage to discriminate between cases and noncases of distributive syringe sharing.
DISCUSSION
We know of no published research on behaviors relating to syringe procurement and use that has examined syringe stockpiling. Prior to this study, we hypothesized that Australian PWIDs stockpile new syringes instead of visiting an NSP each time syringes are required. Our results confirmed this with 75% of our sample reporting stockpiling at least 1 new syringe and 43% stockpiling 20 or more syringes at the time of the interview.
Existing measures of NSP coverage assume that PWIDs use only syringes procured within the reporting period. However, our results demonstrate that many Australian PWIDs stockpile syringes that may have been procured outside the reporting period. An 8% increase in participants with adequate NSP coverage was observed after syringe stockpiling was incorporated, or 1 in 13 PWIDs was incorrectly identified as inadequately covered. This difference has important implications for future research and program delivery, particularly how to correctly identify "at-risk" PWIDs and how NSP services target this population. Misidentifying PWIDs with less than 100% NSP coverage when they actually have adequate clean syringes for all injections diverts attention and resources away from genuinely at-risk PWIDs.
The characteristics of participants who stockpiled syringes are discussed briefly below.
Accommodation status
It is likely that participants with stable accommodation stockpiled more syringes simply because they had a secure place to store them. Law enforcement is a major barrier to syringe carriage in many international settings, and perceived or actual police contact (far more likely for the homeless or unstably housed) leads to PWIDs discarding injecting equipment and engaging in risky injecting behavior (32) (33) (34) (35) . Our results could inform policing policies that enable PWIDs, particularly homeless or unstably housed PWIDs, to safely procure and store more new syringes without the fear of arrest, thereby increasing NSP coverage and reducing risky injecting behavior.
Past-month injecting frequency
Participants with greater injecting frequency require more clean syringes to achieve adequate coverage. This does not necessarily explain why they would stockpile syringes, but it is likely that stockpiling is more convenient than visiting an NSP each time a syringe is required, and particularly so for frequent injectors. However, further research is needed to assess the relationship between syringe stockpiling and injecting frequency in greater detail.
Future directions
We hypothesized that syringe stockpiling would occur and at greater frequency in environments like Australia, where NSP syringe distribution is liberal in comparison to countries that enforce new-for-used exchange policies (12, 36) . We show that PWIDs do stockpile new syringes for greater accessibility and flexibility. However, our findings are applicable only to settings that permit light or unrestricted dispensation. New-for-used dispensation policies are designed to incentivize PWIDs to dispose of syringes safely and reduce the amount of time a syringe is spent in circulation (37) , while also preventing PWIDs from procuring large numbers of syringes and being associated with increased risky injecting behavior (12) and increased (or at least no decrease in) blood-borne viral transmission (36, 38) . It is currently unknown whether PWIDs do or don't attempt to stockpile syringes in such environments and the implications of this for injecting practices. Although existing research has explored how NSP coverage is affected by various dispensation policies (12, 36) , future research should explore the effect such policies have on syringe stockpiling. A shift toward more relaxed dispensation policies could reduce harm by giving PWIDs greater flexibility in syringe procurement, decreasing engagement in risky injecting behavior and reducing the incidence of bloodborne virus.
Future research could also consider whether syringe stockpiling is related to NSP access. PWIDs who stockpile more syringes may have less frequent contact with NSP than PWIDs who stockpile fewer syringes. Having enough clean syringes to cover all injections is paramount to preventing syringe sharing and blood-borne virus transmission. However, NSPs also provide stability and a point of contact for unstably housed PWIDs and improve access to mental health and substance use counseling services. Future research should consider whether the quantity of syringes stockpiled is associated with NSP contact frequency and subsequently PWIDs' mental health, quality of life, or contact with other primary health care, counseling, and community services.
Our new measure of NSP coverage was significantly better than widely used existing measures at discriminating cases and noncases of key injecting risk behaviors, including receptive syringe sharing, syringe reuse, and equipment sharing other than needles or syringes. Yet, even with syringe stockpiling included, our proposed measure exhibited only poor to fair test scores across all risky behaviors. Where a test score of 0.8 or above is generally considered a "good" result (29), our results ranged from 0.54 ("fail") to 0.71 ("fair"). Evidently, more research is needed to explore variables that might increase the sensitivity and specificity of the test. Although both existing and proposed measures provide useful estimations of NSP coverage, any results should be interpreted with caution until a measure is developed that comprehensively and accurately tracks syringe procurement and use patterns among PWIDs. For example, we did not ask participants how many syringes they used per successful injection; this information might enhance further versions of the measure by accounting for PWIDs with vein damage that require multiple syringes per injection (20, 39, 40) . Another possible variable to include is "number of times reused a syringe."
The tip of a needle can be damaged after 1 injection, and if reused can break off and further damage the injection site. PWIDs who engage in this behavior are at a high risk of developing bacterial infections, abscesses, and other conditions (41, 42) . However, epidemiologic modeling demonstrates that some level of syringe reuse might be beneficial in attenuating the spread of blood-borne viruses in low socioeconomic countries where new syringes aren't readily available (14) . Despite the risks, future research should explore the viability of incorporating syringe reuse into a measure of NSP coverage.
Limitations
Our study was cross-sectional, meaning that observed associations may not be causal. Our convenience sample of PWIDs may not be generalizable to the wider PWIDs population. However, we noted previously that our participants' characteristics were similar to those of other Australian PWIDs (20, 25, 30, 31) .
Participants reported the number of syringes they had currently stockpiled, as well as the number of syringes procured and given away and the number of injections performed in the previous month. If syringes procured within the past month remain unused at the time of the interview, these syringes were double-counted as both "syringes procured in the past month" and "syringes currently stockpiled," thereby overestimating NSP coverage. However, participants are asked about "syringes currently stockpiled" as a proxy measure for "syringes stockpiled exactly 1 month ago." Both variables essentially provide the same statistic (available syringes that were not procured within the reporting period) but, assuming relatively consistent month-to-month behavior, we were able to reduce recall bias by asking participants to report over a shorter time frame.
As discussed, questionnaire items addressing syringes "given away" and "stockpiled" didn't explicitly specify new syringes. Although unlikely, it is possible that this item might have been interpreted by participants as any syringes stockpiled, including used. These items are asked as follow-ups to an item clearly referring to new syringes, and used syringes are unambiguously differentiated from new syringes in other sections of the questionnaire; that syringes given away and stockpiled are new is clearly implied.
There is no guarantee that PWIDs stockpile syringes purely for personal use. Secondary exchange occurs in Australia despite its illegality (26, 30) . However, legal secondary exchange programs also exist. PWIDs who participate in such programs might give away larger amounts of syringes than average. Yet, despite a "peer networker" program running in Victoria during study recruitment (43), our results demonstrated that PWIDs in Victoria were no more likely to stockpile syringes than were PWIDs in other states.
Around 2% of participants had NSP coverage "under 0%," because the monthly quantity of syringes reportedly given away was greater than the sum of "syringes procured" and "syringes stockpiled." This result poses an interesting problem as to the meaning of this "deficit" of syringes; possible explanations include simple recall bias, a combination of interview timing and participants giving away large amounts of syringes, or participants reusing many syringes themselves. Further research may be needed to resolve this point. Regardless, stockpiling zero syringes (compared with "less than zero") was not an important (or realistic) threshold, especially considering our dichotomous categorization of adequate NSP coverage; participants with "negative NSP coverage" were categorized in the lowest coverage group (less than 100% coverage) and did not affect our overall results. This was confirmed in ROC curve sensitivity analysis.
We showed that stockpiling occurs frequently among Australian PWIDs and varies according to key personal characteristics of participants. When stockpiling was incorporated into a measure for NSP coverage, the new measure performed better than existing measures in discriminating key risk behaviors. These findings are in the Australian context of unrestricted NSP dispensation; further work is needed to determine the extent of stockpiling in other contexts. Our results suggest that measures of stockpiling need to be considered when evaluating NSP coverage to better understand ways to reduce risky injecting behavior and transmission of blood-borne viruses among PWIDs.
